Abstract -A variation in the karyotype of Alouatta fusca clamitam from different geographical ranges is presented. Blood samples of six captive specimens from different States of Brazil were analyzed. Distinct diploid numbers were found: 2n=52, 2n=45 and 46. The odd number was due to Y-autosome translocation. The comparison of the G-banding patterns with previous published reports of 2n=49 and 50 allowed us to identify Robertsonian rearrangements and pericentric inversions as the most important chromosomal rearrangements involved in the differentiation of the observed cytotypes. The finding of specific cytotypes associated to different geographical ranges suggests a northern-southern division of Alouatta fusca damitans, due to a possible reproductive isolation between different chromosomal complements. The fixation of such rearrangements could have occurred during the existence of the quaternary refuges, when the populations have been disrupted in smaller denies.
INTRODUCTION
According to JAMES et al. (1993) , the genus Alouatta (Primates, Atelidae) includes six different species, with a wide distribution in South and Central America. Of these species, the brown howler monkey (Alouatta fused) is endemic from the Atlantic Coastal Forest, being found from Espirito Santo and Minas Gerais (Brazil) to Missiones (Argentina), and comprises two subspecies: A. fusca fusca and A. fusca damitans.
The chromosomes of Alouatta have been the subject of several research reports, and both inter-and intraspecific variation in the diploid number have been reported (MA et al. 1975; LIMA and SEUANEZ 1989; ARMADA et al. 1989;  * Corresponding author: Institut fur Anthropologie und Humangenetik, Richard-Wagner Strasse, 10.1, 80333 Munich, Germany, e-mail: E.Oliveira@lrz.uni-muenchen.de LIMA et al. 1991; MUDRY et al. 1994 MUDRY et al. , 1998 STANYON et al. 1995; DE OLIVEIRA et al. 1998) . Moreover, chromosomes B have been reported in A. seniculus (MINEZAWA et al. 1985; LIMA et al. 1991) and Y-autosome translocations have been observed in all the species: A. palliata (MA et al. 1975 ), A. belzebul (ARMADA et al. 1989 SEUANEZ 1990), A. seniculus (YUNIS et al. 1978; MINEZAWA et al. 1987; LIMA et al. 1991 ), A. fusca damitans (KOIFFMANN 1977 DE OLIVEIRA et al. 1998) and A. caraya (MUDRY et al. 1998) . KOIFFMANN (1977) reported a variation in the diploid number of A. fusca damitans from 48 to 50. The karyotype with 48 chromosomes was found in a single male from Registro (south of Sao Paulo State), heterozigotic for two Robertsonian rearrangements. The same author reported males with 2n=49, due to an Y-autosome translocation, and males and females with 2n=50. DE OLIVEIRA et al. (1998) also reported males from Rio de Janeiro with 2n=49, showing that the translocation involved the long arm of a submetacentric autosome and the long arm of the Y chromosome. There are no studies including Alouatta fusca fusca, probably due to the rarity of this subspecies.
MATERIAL AND METHODS
We collected peripheral blood samples of six specimens of Alouatta fusca clamitam from three different States of Brazil: Espirito Santo (one male), Parana (three males) and Santa Catarina (two females). Lymphocytes were cultivated for 72 hours in RPMI medium, enriched with fetal calf serum at 20% and Phytohemagglutinin at 2%. Chromosome formula and modal number (2n) were established by scoring at least 30 well spread metaphases. G-banding (SEABRIGHT 1971) were carried out, and the pat terns found were compared to the previously published ones (KOIFFMANN 1977; DE OLIVEIRA et al. 1998) .
RESULTS
The chromosome complement of Alouatta fusca damitans showed a wide variation in the diploid number, with 2n=45, 46 and 52. This variation could be associated to the geographi cal origin of each individual (Table 1) . The karyotype of the specimens from Southern Brazil (Santa Catarina and Parana) comprised 45 chromosomes in the males, and 46 in the females (Fig. 1) . The analysis of the G-banded chromosomes of the males, compared to the female karyotype, allowed us to assume that this variation was due to a Y-auto-some translocation involving an acrocentric pair. There were three unpaired chromosomes in males; one of them corresponds to the original X chromosome, called X1, while the other two correspond to the pair of autosomes involved in the Y-translocation. Hence, the original autosome is called X 2 , while the Y-carrier one is called Y, due to their meiotic behavior. The chromosomal sex determination system is possibly modified to X 1 X 2 Y/X 1 X 1 X 2 X 2 . Of the autosomes, eleven pairs were Harmed and ten were acrocentric chromosomes. The original X was submetacentric. The only male from Espirito Santo State had 52 chromosomes, possibly with a simple chromosomal sex determination system. It had eleven biarmed pairs and fourteen acrocentric chromosome pairs. Pair six showed a heteromorphism in the size of the short arm. The X was submetacentric and the Y was acrocentric and small (Fig. 2) .
DISCUSSION
The comparison of the G-banded karyotypes of 2n=45 and 46 from our sample to the one with 2n=49 (DE OLIVEIRA et al. 1998) , allowed us to determine homologies for most of the chromosomes in both complements. Moreover, fusion/fission events and pericentric inversions could be clearly identified (Fig. 1) . However, we could not propose homology for some chromosomes and chromosome arms, possibly due to the occurrence of complex rearrangements, such as multiple translocations and in tandem fusions. Unfortunately, we did not succeed in banding the karyotype with 2n=52, because of the low number of cells obtained in the culture. Multiple sex chromosome systems due to Yautosome translocations have been observed in all the species of Alouatta: A. palliata (MA et al. 1975) , A. bekebul (ARMADA et al. 1989; LIMA and SEUANEZ 1990) , A. seniculus (YuNis et al. 1978; MINEZAWA et al. 1987; LIMA et al. 1991; STANYON et al. 1995) , A. fusca clamitans (KOIFFMANN 1977; DE OLIVEIRA et al. 1998) and A. caraya (MuDRY et al. 1998) . In recent reports, it was confirmed that A. fusca clamitans with 2n=49 has a non-reciprocal tranlocation involving the Y chromosome and a submetacentric autosomic pair (DE OLIVEIRA 1998). According to the authors, the analysis based on banding patterns showed that the rearrangement involved the long arm of the autosome and the Y chromosome. Hence, A. fusca clamitans presents a X 1 X 1 X 2 X 2 /X 1 X 2 Y sex system. A similar case was described by KOIFFMANN (1977) .
The analysis of the banding pattern of 2n=45 in A. fusca clamitans, and ist comparison with the female karyotype (2n=46) revealed that males have three unpaired chromosomes. The G-banding patterns allowed us to suggest that these chromosomes are the original X, submetacentric, an acrocentric chromosome, which is the original chromosome of the pair involved in the tranlocation, and a small submetacentric, which must be the Y fused with the acrocentric autosome. Thus, we suggest a X 1 X 1 X 2 X 2 /X 1 X 2 Y sex system for A. fusca clamitans, similar to the one described in the cy-totype 2n=49 by DE OLIVEIRA et al. (1998) . However, the rearrangement involves different autosomic pairs in each cytotype.
An important significance of the chromosome data is that the variability between howler monkeys, especially in Alouatta seniculus (STANYON et al. 1995; CONSIGLIERE et al. 1996) and Alouatta fusca clamitans (DE OLIVEIRA et al. 1998; KOIFFMANN 1977) , indicates that the karyotype in these groups has evolved rapidly. The different cytotypes described to date re-veals a clinal distribution for the chromosomal variation in A. fusca damitans (Fig. 3) . Based on this fact, we suggest that there are populations in different stages of speciation, and probably reproductively isolated, due to meiotic disturbance.
Many hypotheses have been developed to help explain the existence of polytypic species in the neotropical forest, which is practically continuous, with very few ecological barriers. According to BROWN (1977) , the only hypothesis that has been valid for a great number of animals and plants is the existence of forest refuges during the quaternary (HAFFER 1969; VANZOLINI 1970) . The author assumes that the refuges could split populations of organisms in fragmented groups, which could develop so as to become different from each other, acquiring distinct characters through genetic drift and endogamy.
Although the hypothesis of refuges has most of the times been applied to explain the present distributions of Amazonian fauna, many authors have also postulated the existence of such phenomena in the Atlantic coast forest (BROWN 1977; GATES 1976; AMORIM and PIRES 1996) . This hypothesis has been evoked to explain the chromosomal variation found in Aotus, Alouatta and Ateles (MA 1976 , 1980 , 1981 STAN-YON et al. 1995; KUNKEL et al. 1980; MEDEIROS et al. 1997) . Chromosomal mutations would have been more easily fixed due to inbreeding among small groups of isolated monkeys. Moreover, in Alouatta, which has a very complex social organization, the dominant male copulates with the great majority of females (WOLFHEIM 1983) , increasing the inbreeding taxes.
Chromosomal data observed in Alouatta fusca damitans seem to constitute another evidence for the importance and influence of the quaternary refuges in the evolution of the forest fauna. Although meiotic and crossbreeding studies should be carried out to confirm the present status of the populations, the cytogenetic findings support the possible existence of a reproductive isolation of the different populations. Hence, the taxonomy of Alouatta fusca damitans should be deeply reviewed, based not only on morphological approaches, but also on cytotaxonomy, biochemistry and other approaches that could clarify the phylogeny, taxo-nomic status of this species, and also the viability of breeding programs in future preservation projects.
